
Endothelial Characteristics of Glomerular Capillaries
in Normal, Mercuric Chloride-induced, and
Gentamicin-induced Acute Renal Failure in the Rat

RUTH ELLEN BULGER, GARABED EKNOYAN, DONALD J. PURCELL II, and
DENNIS C. DOBYAN, Department of Pathology, The University of Texas
Medical School and Department of Medicine, Baylor College of Medicine,
Houston, Texas 77030

A B S T R A C T A reduction in glomerular capillary en-
dothelial pore size and density has been reported in
several models of acute renal failure. It has been sug-
gested that these changes underlie the decrease in glo-
merular filtration rate and altered glomerular capillary
hemodynamics measured in various experimental
models of acute renal failure. We have thoroughly
quantitated the surface characteristics of glomerular
capillaries in control rats and in rats with either mer-
curic chloride-induced acute renal failure (2 mg/kg
body wt) evaluated at 6 and 24 h after administration
of the nephrotoxin or with gentamicin (G)'-induced
acute renal failure evaluated after 8-9 d of 40 mg/kg
body wt twice a day. Despite reductions in glomerular
filtration rate in the experimental groups, no signifi-
cant differences were observed between control (C)
and any experimental group with respect to percent
areas occupied by fenestrated endothelium (C
= 53.6±2.7%; 6 h HgCl2 = 50.9±1.9%; 24 h HgCl2
= 53.9±5.7%; G = 56.7±2.4%), by cytoplasmic ridges
(C = 31.2±1.5%; 6 h HgCl2 = 29.8±1.9%; 24 h HgCl2
= 30.6±3.1%; G = 26.5±1.5%), nonfenestrated endo-
thelium (C = 15.5±4.0%; 6 h HgCl2 = 19.3±2.0%; 24
h HgCl2 = 15.6±4.3%; G = 16.9±2.3%), in the indi-
vidual pore area expressed in square nanometers (C
= 1,494±75; 6 h HgCl2 = 1,326±48; 24 h HgCl2
= 1,559±130; G = 1,340±101), or in the percentage
of total pore area within fenestrated areas that were
measured (C = 12.8±0.8%; 6 h HgCl2 = 11.2+0.7%;
24 h HgCI2 = 10.9±0.8%; G = 10.9±0.7%). These re-
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sults provide quantitative data on the normal glomer-
ular capillary endothelial surface characteristics and
suggest that reductions of glomerular filtration rate in
acute renal failure are not always associated with al-
terations in glomerular endothelial capillaries.

INTRODUCTION

Considerable interest has been generated by reports
suggesting that alterations in the morphology of the
glomerular capillary endothelium play a causative role
in the development of acute renal dysfunction in hu-
man and experimental models of renal disease. The
introduction of a freeze-cracking technique (1) has
provided the means for exposing new tissue surfaces,
such as the glomerular endothelium, that subsequently
can be examined by scanning electron microscopy.
This new methodology has allowed for a more thor-
ough evaluation of the glomerular endothelium in a
variety of experimental conditions. Using this tech-
nique, significant changes in glomerular capillary pore
size and pore density have been reported in ischemic
(2), glycerol-induced (3), aminoglycoside-induced (4-
8), and nephrotoxic (9) models of experimental acute
renal failure, as well as in cases of acute renal failure
in man (10). Similar changes have been demonstrated
in rats with alloxan-induced diabetes (11), in amino-
nucleoside-induced nephrosis (12), and in rats with
spontaneously developing hypertension (13). Previous
studies from this laboratory (14) have shown that nor-
mal variations in the glomerular endothelium often
mimic many of the pathological changes presently
being reported in the literature. In this respect, the
purpose of the present study was to more thoroughly
quantitate the luminal surface characteristics of the
glomerular capillary endothelium in normal rats and
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in rats subjected to experimental acute renal failure
induced by the administration of mercuric chloride or
gentamicin.

METHODS

Three groups of Sprague-Dawley male rats weighing be-
tween 175 and 275 g were used in this study. All animals
had access to food and water until the time of study. The
first group of seven rats was used as controls. These animals
were injected subcutaneously with an appropriate amount
of vehicle alone. Four of the control rats were used for map-
ping studies while three were used to measure glomerular
filtration rate by inulin clearance to document functional
normalcy (15). A second group of 16 rats was used in the
mercuric chloride-induced acute renal failure study. Mer-
curic chloride was prepared in a 1 mg/ml solution in normal
saline with 0.9% benzyl alcohol and administered subcuta-

neously in the back of the neck at a dose of 2 mg/kg body
wt. Rats were given the appropriate dose of mercuric chlo-
ride and killed 6 (n = 5) and 24 h (n = 4) after injection.
The glomerular filtration rate was measured from the clear-
ance of inulin in a similarly treated group of seven rats, four
studied at 6 and three at 24 h after mercuric chloride ad-
ministration.
The third group of six rats was used in the gentamicin-

induced acute renat failure study. These animals were placed
in metabolic cages with free access to food and water. After
a 3-d conditioning period, the animals were injected sub-
cutaneously with 40 mg/kg body wt gentamicin twice a day
for 8-9 d. 24 h before killing, urine volumes were collected
for clearance determination. Blood samples were obtained
at the time the animals were killed.

At the time of killing, the animals were anesthetized with
an intraperitoneal injection of sodium pentobarbital (40 mg/
kg body wt). The kidneys were then fixed by vascular per-
fusion for 3-5 min using a solution containing 2.5% glutar-
aldehyde and 2% formaldehyde in 0.04 M sodium cacodylate

FIGURE 1 Scanning electron micrograph from a control freeze-cracked glomerular capillary
showing prominent fenestrated areas. Cytoplasmic ridges (R) encircle the lumen. Microvilli
(M) are prominent in certain areas as are pored projections (arrows). Podocytes (P) and their
pedicel processes are easily identified. X21,600.
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(pH 7.5), and using a pressure at the perfusion flask of -180
mmHg. At the pressure used there was no increase in kidney
size or vessel size during perfusion (16). Heparinized saline
was present only in the final portion of the catheter (PE 100)
used for perfusion. Prewashing of the vasculature was not
done in order to avoid changes in structure related to this
procedure. Following perfusion the kidneys were removed
and coded such that all processing of tissue thereafter was
done without knowledge of the group of rats from which the
tissue samples were obtained. Samples of tissue from each
animal were processed for light, transmission, and scanning
microscopy as described below.

Light microscopy. After fixation, tissue from each animal
was dehydrated, embedded in paraffin, sectioned, and
stained routinely with hematoxylin and eosin.
Scanning electron microscopy. Cortical tissue was dis-

sected from each animal and cut into pieces -1 X 2 X 2

mm. The tissue was postfixed in 1% osmium tetroxide for 90
min, rinsed in three changes of deionized distilled water,
and dehydrated in 35 and 50% alcohol solutions for 15 min
each and left in 70% alcohol for 3 h. At this point, the samples
were freeze-cracked by quickly immersing them individu-
ally into liquid nitrogen in a pyrex petri dish insulated in
a styrofoam mold. After cracking, the dehydration was com-
pleted by placing the tissue pieces in 95% ethanol for 15 min
and absolute ethanol for three additional 15-min periods.
The tissue was then critical point dried on a Bomar SPC-
1500 (The Bomar Co., Tacoma, WA). Using a dissecting ste-
reomicroscope, tissue pieces with shiny surfaces (cracked)
were selected and mounted on aluminum stubs with the
shiny surface facing up. The stubs were coated with gold
palladium for 1.5 min at 40 A using a Denton Vacuum Desk-
1 (Denton Vacuum, Inc., Cherry Hill, NJ). Observation of
the tissue pieces was made with a JEOL JSM-35 microscope
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FIGURE 2 Scanning electron micrograph from a control freeze-cracked glomerular capillary.
The variation in pore shape can be seen in this picture and by transmission electron microscopy
in the inset. Prominent microvilli (M) protrude from the endothelium. In addition, small pro-
jections are seen in certain endothelial fenestrae (arrows). X48,000. Inset, X24,500.
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TABLE I
Endothelial Pore Characteristics of Glomerular Capillaries'

Total pore area
Pore area Pore density Total area measured

nm2 number/m' %

Control 1,494±75 80.7±4.0 12.8±0.8
(n = 4) (N = 5,680) (N = 105) (N = 105)

6 h post-HgCl2 1,326±48 84.9±2.4 11.2±0.7
(n = 5) (N = 5,562) (N = 222) (N = 222)

24 h post-HgCl2 1,559±130 72.8±2.7 10.9±0.8
(n = 4) (N = 4,207) (N = 143) (N = 143)

Gentamicin 1,340±101 87.3±2.6 10.9±0.7
(n = 6) (N = 4,188) (N = 199) (N = 199)

Expressed as mean of animal values±SEM. N, number of animals studied; n, number
of individual measurements obtained in the group of animals studied.
No significant differences were detected between the control group and any of the
experimental groups.

(JEOL USA, Analytical Instruments Div., Cranford, NJ) at
25 kV, working distance of 15 mm, and 00 tilt. A mapping
study was performed by selecting four cortical and four jux-
tamedullary glomeruli completely at random from the
mounted tissue specimens. The glomeruli to be mapped were
first photographed at a low magnification and the positive
print was used to select six areas from each glomerulus for
more detailed mapping. The areas selected included those
regions of the capillary loops that were cracked parallel to
the long axis of the capillary and were widely patent. The
areas to be studied in more detail were chosen from the print
at a magnification too low to see any details of endothelial
structure. Pictures of the selected areas were then taken at
a fixed magnification of 24,000 times. Of the total prints
obtained from each animal, 15 pictures were selected at ran-
dom for quantitative study.
Two types of quantification were done. First, to determine

the surface characteristics of the glomerular capillary en-
dothelium, xerox copies of the 15 randomly chosen micro-
graphs from each animal were made and the following struc-
tures were identified and color coded on the xerox copies:
cytoplasmic ridges, attenuated areas with endothelial pores,
nonfenestrated regions (such as areas over nuclei), and areas
not pertaining to this study, such as pedicels or unidentifiable
regions. The respective areas were then cut out from these
xerox copies and the areas not pertaining to this study were
discarded. The pieces from the other three categories were
each weighed and used to determine the percent component
of each type of structure. These percentages were averaged
for each group of animals at the end of the study after the
code was broken.

Because of the variation in the shape and size of the en-
dothelial pores, few of which were perfect circles, it was
deemed appropriate to quantitate pore size in terms of their
surface area rather than surface diameter. To determine
endothelial pore area and density, micrographs of the 15
randomly selected examples from each animal were printed
at a final magnification of 72,000 times. The prints were then

screened by two examiners and the flat areas of the capillary
surface parallel to the plane of the photograph showing at-
tenuated endothelium with pores were outlined. Using an
electronic digitizer (model 1223, Numonics Corp., Lans-
dale, PA), the individual pore area of all the pores within
the outlined areas of each picture was measured. An average
of 1,188 pores per animal was measured. The total area of
each of the individual fenestrated areas outlined per print
was also measured. To estimate the pore density, the number
of pores per unit area was calculated and expressed as num-
ber per square micrometers of endothelial surface. In ad-
dition, the surface area of all the pores within a delineated
area was summed and expressed as a percentage of the total
measured area of fenestrated endothelium. After all mea-
surements were obtained, the pictures were decoded and
grouped for each animal for subsequent statistical analysis.

Transmission electron microscopy. Superficial, cortical,
and juxtamedullary blocks of tissue (1 mm3) were taken from
each animal. The samples were postfixed in osmium tetroxide
for 1 h, washed 5 min in 0.1 M sodium cacodylate, dehy-
drated in a graded series of alcohol solutions, and placed in
absolute propylene oxide. The tissues were embedded using
Embed-812 and sectioned for transmission electron micros-
copy with a diamond knife using a Porter Blum microtome.
Grid staining was performed using uranyl acetate for 3 min
and lead citrate for 5 min as a poststain. Transmission elec-
tron micrographs of the glomerular endothelium were taken
for correlation with the surface characteristics obtained by
scanning electron microscopy.

Statistical methods. All results are expressed as the
mean±SEM. Variance analysis was used to determine if sig-
nificant differences existed between control and the various
experimental groups.

RESULTS

Normal structure. A varied spectrum of endothe-
lial surface architecture was observed in the exposed
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surface of the normal glomeruli (Fig. 1). Because Fu-
jita et al. (17) have previously described the normal
glomerular endothelium using scanning electron mi-
croscopy, only a brief description of the normal struc-
tural characteristics will be presented. The endothelial
surface could be classified according to three main
patterns, which together provided a complex structural
organization. The first type of endothelial area was
characterized by a thin attenuated layer of cytoplasm
penetrated by fenestrae (or pores). The fenestrae var-
ied in size, shape, and frequency (Figs. 1, 2, 2 inset).
Although some of the fenestrae were roughly circular,
many were ellipsoidal, angular, or irregular in shape.

The fenestrae as seen by scanning electron microscopy
frequently contained eccentric projections (Fig. 2) ap-
parently protruding from the base of some pores. No
counterpart to these projections could be identified in
transmission micrographs (Fig. 2, inset). The average
area of an endothelial pore was 1,494±75 nm2. The
pore density, (i.e., the number of pores per unit of
fenestrated capillary surface area) was 80.7±4/,sm2.
The percentage of the capillary surface in these cy-
toplasmic regions occupied by fenestrae was 12.8±0.8%
(Table I).
The second type of area consisted of numerous cy-

toplasmic ridges or crests oriented predominantly in

FIGURE 3 Scanning electron micrograph from a control animal showing the lateral borders of
three endothelial cells. A prominent cytoplasmic ridge encircles each cell and abuts the ridge
from neighboring cells. A pored projection (arrows) is seen adjacent to one peripheral cell ridge.
The inset shows a pored projection as it appears in a transmission micrograph. X60,000. Inset,
X25,550.
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FIGURE 4 Scanning electron micrograph from a control kidney that had been freeze cracked.
The majority of the cell surface is nonfenestrated. A pored projection is prominent (arrow).
X60,000.

a circumferential direction (Fig. 1). These primary
ridges branched frequently giving rise to less promi-
nent secondary ridges, which connected with neigh-
boring ridges or had extensions that became attenuated
and merged into the fenestrated areas of the endothe-
lium. Adjacent ridges abutted at the endothelial cell
borders and small overlapping flaps formed at lateral
cell contacts (Fig. 3). Some of the primary ridges were
studded with microvilli, particularly around their
bases (Figs. 2 and 3).
The third type of area consisted of regions essen-

tially devoid of pores (Fig. 4). These areas contained
variable numbers of microvilli and what were inter-
preted as small pits opening on their surfaces. Similar
appearing pits were present on the surface of some

TABLE II
Area of Capillary Surface'

Fenestrated Ridges Nonfenestrated

Control
(n = 4) 53.6±2.7 31.2±1.5 15.5±4.0

6 h post-HgCl2
(n = 5) 50.9±1.9 29.8±1.9 19.3±2.0

24 h post-HgC92
(n = 4) 53.9±5.7 30.6±3.1 15.6±4.3

Gentamicin
(n = 6) 56.7±2.4 26.5±1.5 16.9±2.3

Mean±SEM of capillary surface area of each type expressed as
percentage of total area.
No significant differences were detected between the control groups
and any of the experimental groups.
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cytoplasmic ridges. Transmission electron micrographs
showed that these nonfenestrated areas overlaid en-
dothelial cell nuclei, mesangial cells, or areas of normal
pedicels.
The percentage of capillary surface area in contr6l

animals occupied by thin sheets of fenestrated endo-
thelium was 53.6±2.7%, by cytoplasmic ridges
31.2±1.5%, and by areas without pores 15.5±4.0%
(Table II).
An additional specialization of the endothelial cell

surface could be found relating to either fenestrated
or nonfenestrated regions of the endothelium. These
were the so-called pored projections described by Fu-
jita et al. (17) (Fig. 1, 3, 3 inset, and 4). These areas

were characterized by plates of fenestrae lying above
the level of the lining endothelium and in some cases
by many microvilli (Figs. 1 and 2). These structures
were frequently found in the stalk area near the en-
dothelial cell nucleus as well as throughout the cyto-
plasm.

In areas where the basal lamina was exposed, due
to removal of endothelial cells, a nodular substructure
could be identified (Fig. 5) on the endothelial surface
of the basal lamina. The nodular substructure was of
similar size to the projections seen within some of the
endothelial pores.

Glomerular endothelial structure in animals re-
ceiving mercuric chloride. Extensive acute tubular

FIGURE 5 Scanning electron micrograph from an area of the capillary in which the endothelium
has been removed. The basal lamina (BL) in these exposed areas has a nodular substructure,
the nodules being similar in size to the projections previously seen in some endothelial pores.
X96,000.
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necrosis was present in the proximal tubule pars recta
at 24 h after mercuric chloride administration (Fig.
6). Glomerular filtration rates determined by inulin
clearances in microliters per minute per gram kidney
weight were 845±30 for controls; 548±64 at 6 h after
mercuric chloride; and 134±64 at 24 h after mercuric
chloride (18). However, the morphology of the glo-
merular endothelium seen 6 and 24 h after mercuric
chloride administration was indistinguishable from
controls (Figs. 7 and 8). The endothelial cell contained
the same major types of surface configurations. There
were no significant differences between individual
pore area, pore density, or percentage of capillary sur-
face area occupied by pore and between control and

either experimental time periods studied (Table I).
Table II reports the percentage of endothelial surface
occupied by fenestrated, ridged, or nonfenestrated
endothelium. Again no significant difference could be
d&tected in any of these parameters between control
and either experimental group or between the two
experimental groups.

Glomerular endothelial structure in animals re-
ceiving gentamicin. Extensive injury and necrosis
was present in the proximal pars convoluta and a lesser
degree of injury was noted in the proximal pars recta
(Fig. 9). This extensive necrosis would be consistent
with the significant decrease in glomerular filtration
rates and the large dose of antibiotic used. Glomerular

A WI

FIGURE 6 Light micrograph taken from an animal given 2 mg/kg body wt of mercuric chloride
24 h before killing. Extensive acute tubular necrosis was seen in the proximal pars recta tubule.
Hematoxylin and eosin staining, X145.
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FIGURE 7 Scanning electron micrograph from a fenestrated region of a glomerular capillary
6 h after administration of mercuric chloride. The capillary fenestrae do not differ significantly
from those of controls. X57,600.

filtration rate, determined from the clearance of cre-
atinine, was 102±40 ul/min after 8-9 d of gentamicin
administration, a value significantly (P < 0.001) lower
than that of 1,060±99 Al/min in controls. Despite the
extensive tubular alteration and reduction in glomer-
ular filtration rate, the morphology of the glomerular
endothelium had no significant differences from con-
trol animals with respect to amount of endothelial sur-
face occupied by fenestrated, ridged, or nonfenes-
trated endothelium (Table II) or by individual pore
area, pore density, or percentage of capillary surface
area occupied by pores (Table I). However, a larger
variation in pore size was seen (Figs. 10, 11, and 12).
In certain areas, extremely large pores (maximum area

of 3,869 nm2) were also present (Fig. 12). In addition,
the presence of an increased number of pored projec-
tions was noted.

DISCUSSION

The three-dimensional architecture of the normal rat
glomerular capillary endothelium observed in this
study is similar to that described by others (17). No
previous study, however, has provided detailed quan-
titative data of the components of this complex struc-
ture. The normal endothelial surface is composed of
three main types of surface structures. The predomi-
nant component is the attenuated area with fenestrae
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FIGURE 8 Scanning electron micrograph from a fenestrated region of a glomerular capillary
24 h after administration of mercuric chloride. The capillary fenestrae do not differ significantly
from those of controls. X60,000.

that occupies slightly over half the intraluminal sur-
face, with -12% of this area being occupied by fe-
nestral openings. The fenestrated areas are separated
by cytoplasmic ridges that occupy about a third of the
endothelial surface area, while the remaining area of
-15% of the capillary surface area is lined by non-
fenestrated endothelium, which frequently overlies
the cell body and its organelles. This type of quanti-
tation is essential for studies that seek to correlate glo-
merular function and structure. This is of particular
importance, since several recent studies reported de-
creases in the size and density of endothelial fenestrae
in various models of acute renal failure as determined
by scanning electron microscopy of freeze-cracked
glomeruli. Decreases in glomerular endothelial fenes-

tral size and density have been reported after admin-
istration of uranyl nitrate (9), gentamicin (4-8), other
aminoglycoside antibiotics (6-8), and glycerol (3) in
rats, in human acute renal failure (10), and in ischemic
acute renal failure in the dog (2). Decreases in endo-
thelial size and density have been reported in spon-
taneously hypertensive rats when compared with con-
trol (WKY) rats, even before the development of dif-
ferences in blood pressure (13), as well as in rats made
diabetic with alloxan (11). These structural changes,
which have been observed in a variety of conditions
associated with reduction in glomerular filtration rate,
have been construed as evidence for an anatomical
basis of altered glomerular capillary dynamics. A de-
crease in ultrafiltration coefficient has been measured
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FIGURE 9 Light micrograph from an animal receiving gentamicin showing extensive cell ne-
crosis in the proximal pars convoluta. Hematoxylin and eosin staining, X150.

in renal failure induced by uranyl nitrate (19), by gen-
tamicin (20), and by ischemia (2). It has been proposed
that the reduction in endothelial fenestral size and
density underlie the decrease in ultrafiltration coef-
ficient (Kf) measured in these different models of acute
renal failure (4-9). The relationship between these
ultrastructural lesions and changes in ultrafiltration is
unclear, and concern has been expressed that tissue
fixation conditions and photographic field selection
may influence the assessment of endothelial changes
by scanning electron microscopy (21). We have tried
to circumvent some of these problems by measuring
surface area of the pores rather than diameter of the
pores, which is difficult to assess given the irregularity
in the shape of pores (Figs. 1, 2, 2 inset). Additionally,
the large numbers of pores measured in this study

(4,188-5,680 pores per group of animals studied, Table
I) should have helped eliminate bias in pore selection.
Although most investigators have used higher doses

of mercuric chloride, the 2 mg/kg mercuric chloride
dose used in this study has been shown to result in
acute renal failure in rats (18, 22) and in dogs (23).
DiBona et al. (22) measured a decrease in inulin clear-
ance in microliters per minute per 100 g body weight
from 987±285 in controls to 585±134 in animals 24
h after administration of 2 mg/kg HgCl2 (blood urea
nitrogen went from 18±2 to 32±5). A similar decrease
was noted by Eknoyan et al. (18), who observed a drop
in inulin clearance from 845±30 ,l/min per g kidney
wt in control rats to 134±64 24 h after the same dose
of mercuric chloride was administered. At that time
period 67.1±4.5% of the proximal pars recta cells were
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FIGURE 10 Scanning electron micrograph from a fenestrated region of a glomerular capillary
from a gentamicin animal showing the variation in pore size seen in these animals. X40,800.

necrotic (18). This low dose of mercuric chloride pro-
duces a reversible model of acute renal failure, al-
though about half of our rats die usually 2 d after drug
administration. Similar results were found using mer-
curic chloride in dogs in which a 1 mg/kg dose did
not consistently produce oliguric acute renal failure,
whereas a dose of 4 mg/kg caused frequent death of
the animals in the first 24 h (23). In this study (23) it
was concluded that 2 mg/kg produced a consistent
model of oliguric acute renal failure in dogs. The high
dose of gentamicin used in this study (40 mg/kg b.i.d.
for 8-9 d) was reflected in the severe reduction in
creatinine clearance 102±39 ,l/min) and elevation of
serum creatinine (5.0±0.6 mg/dl). At the time of kill-
ing, extensive necrosis was present in the proximal
convolutions (79±3%) and in the proximal pars recta

(43±10%) (24). Despite the documented severe reduc-
tion in glomerular filtration rate and an extensive de-
gree of tubular necrosis in both models of experimental
acute renal failure, we were unable to detect any quan-
tifiable differences from normal in endothelial surface
characteristics.
The observation of altered endothelial cells in acute

renal failure is not supported by all investigators. Al-
though no quantitation was done, Baylis et al. (20) and
Schor et al. (25) reported no obvious abnormalities in
the glomerular capillary wall after gentamicin admin-
istration. Olsen et al. (26) commented that they were
unable to demonstrate consistent differences in di-
ameter and/or density of fenestrae after administra-
tion of puromycin aminonucleoside to rats. Solez et al.
(10) found no significant endothelial cell abnormalities
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FIGURE 11 Scanning electron micrograph from a fenestrated region of a glomerular capillary
from a gentamicin animal showing an area with large pores. X55,200.

by scanning or transmission electron microscopy in the
ischemic model of acute renal failure in rabbits, how-
ever, cryofractured specimens were not used in this
study.
The studies of Keane and Raij (27) on the role of

endothelial fenestrae in glomerular capillary lumen to
mesangial traffic of immune complexes are of interest
in this regard. They studied the role of mesangial up-
take and disappearance of radiolabeled aggregated
human IgG in rats with acute renal failure induced
by either gentamicin or uranyl nitrate. They found
that the capillary mesangial passage of the aggregated

IgG was unimpeded in either model in spite of the
previously reported major reduction in endothelial fe-
nestral number and surface area in these two situa-
tions.
The present study is therefore the first quantitative

study of the glomerular endothelium using freeze-
cracking techniques that has demonstrated no change
in fenestral size or number in two models of acute
renal failure. It is possible that mercuric chloride has
a different effect on glomerular endothelial cells than
that of the other agents previously studied by freeze-
cracking (e.g., uranyl nitrate, ischemia), although the

FIGURE 12 Scanning electron micrograph from a fenestrated region of a glomerular capillary
from a gentamicin animal with small pores. X55,200.
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glomerular filtration rate drops to the same extent in
this model, and oliguria is a component of the renal
failure that develops (22). However, we did not iden-
tify any significant changes in glomerular capillary
structure or in total endothelial pore volume in acute
renal failure induced by gentamicin. This differs from
the earlier results of others (5-8), who have reported
alterations in pore size and density using less rigorous
quantitation. Hence, the presumptive role of the glo-
merular endothelium in the pathogenesis of acute
renal failure remains questionable.
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